Mapping 70S ribosomes in intact cells by cryoelectron tomography and pattern recognition.
Cryoelectron tomography (CET) combines the potential of three-dimensional (3D) imaging with a close-to-life preservation of biological samples. It allows the examination of large and stochastically variable structures, such as organelles or whole cells. At the current resolution it becomes possible to visualize large macromolecular complexes in their functional cellular environments. Pattern recognition methods can be used for a systematic interpretation of the tomograms; target molecules are identified and located based on their structural signature and their correspondence with a template. Here, we demonstrate that such an approach can be used to map 70S ribosomes in an intact prokaryotic cell (Spiroplasma melliferum) with high fidelity, in spite of the low signal-to-noise ratio (SNR) of the tomograms. At a resolution of 4.7 nm the average generated from the 236 ribosomes found in a tomogram is in good agreement with high resolution structures of isolated ribosomes as obtained by X-ray crystallography or cryoelectron microscopy. Under the conditions of the experiment (logarithmic growth phase) the ribosomes are evenly distributed throughout the cytosol, occupying approximately 5% of the cellular volume. A subset of about 15% is found in close proximity to and with a distinct orientation with respect to the plasma membrane. This study represents a first step towards generating a more comprehensive cellular atlas of macromolecular complexes.